Purpose Little is known about how the structure of interdisciplinary groups of physicians affects the timeliness of breast cancer surgery their patients receive. We used social network methods to examine variation in surgical delay across physician peer groups and the association of this delay with group characteristics. Methods We used linked Surveillance, Epidemiology, and End Results-Medicare data to construct physician peer groups based on shared breast cancer patients. We used hierarchical generalized linear models to examine the association of three group characteristics, patient racial composition, provider density (the ratio of potential vs. actual connections between physicians), and provider transitivity (clustering of providers within groups), with delayed surgery. Results The study sample included 8338 women with breast cancer in 157 physician peer groups. Surgical delay varied widely across physician peer groups (interquartile range 28.2-50.0%). For every 10% increase in the percentage of black patients in a peer group, there was a 41% increase in the odds of delayed surgery for women in that peer group regardless of a patient's own race [odds ratio (OR) 1.41, 95% confidence interval (CI) 1.15-1.73]. Women in physician peer groups with the highest provider density were less likely to receive delayed surgery than those in physician peer groups with the lowest provider density (OR 0.65, 95% CI 0.44-0.98). We did not find an association between provider transitivity and delayed surgery. Conclusions The likelihood of surgical delay varied substantially across physician peer groups and was associated with provider density and patient racial composition.
Background
Despite considerable progress in breast cancer treatment, many women with breast cancer fail to receive the highest quality of care, including prompt surgical treatment [1] [2] [3] [4] . Delays in surgical care for breast cancer have been linked to higher overall mortality as well as increased patient distress and anxiety [5, 6] . Prior work exploring factors associated with delayed cancer care has largely focused on patient factors [7] [8] [9] [10] . Little is known, however, about whether or how provider factors, including the relationships between different providers, influence the risk of delayed surgery.
Breast cancer care is collaborative, involving interdisciplinary care delivered across multiple locations and in different settings. Delays between a woman's diagnosis and her surgical treatment may be a result of several factors that involve not only individual physicians but also the relationship between different physicians in the larger network of physicians 1 3 providing care in a given area. Physicians frequently seek advice from other providers with whom they work closely to guide their treatment decisions [11] , and delays may result from different levels of coordination across physicians.
Increasingly, social network analysis has been used to study how the relationships between physicians impact the delivery of cancer care. For example, prior research using social networks has linked different groups of tightly connected physicians (often termed physician peer groups) with the uptake of imaging for breast cancer [12] , and variation in the type of treatments provided for prostate cancer [13] . Moreover, the network structure and patient composition of physician peer groups have been linked to complications following prostate cancer surgery [13] . Because peer groups are built from collaborative relationships and represent the structure of health care delivery across different practices or hospital systems, it is plausible that peer group characteristics could be associated with timeliness of cancer care.
The racial composition of patients within physician peer groups is one factor that could plausibly influence surgical delay. Despite well-established evidence on racial disparities in healthcare [8] , little is known about how the composition of patients within provider groups may be associated with care. Prior work has demonstrated that physicians who care for a higher proportion of black patients are more likely to be less clinically trained and have access to fewer high quality clinical resources [14] . Hence, regardless of their individual race, patients treated by physician peer groups that care for a large portion of minority patients may be more likely to experience surgical delays [15, 16] .
We also seek to add to the literature by studying the association between the structure of physician peer groups and surgical delay. Physician peer groups with a higher proportion of connections between providers, also known as provider density, may provide more coordinated care [17] . This could result in fewer patients experiencing surgical delays. Similarly, physician peer groups with higher provider transitivity, or increased clustering of providers who work together in "cliques", may work more collaboratively in tightly knit patient-sharing groups and provide more expedient care [18] .
We sought to examine whether there are variations in delayed surgery after needle biopsy across physician peer groups and to assess whether specific characteristics of physician peer groups-the racial composition of patients, provider density, and provider transitivity-were associated with likelihood of breast cancer surgery delays.
Methods

Study design and data source
We conducted a retrospective cohort study of Medicare beneficiaries who received breast surgery, either lumpectomy or mastectomy, after breast cancer diagnosis. Our outcome variable was delay between needle biopsy and surgery. We obtained data from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database, which contains Medicare claims data, patient demographic data, and tumorspecific cancer registry data. We used these data to identify patient-sharing physician peer groups and assessed how characteristics of these peer groups were associated with breast cancer surgical delays. The Yale Human Investigations Committee determined that this study did not directly involve human subjects. The data that support the findings of this study are available from the National Cancer Institute but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available.
Study sample
Our study sample included 8338 women with breast cancer who met the following criteria: received a needle biopsy before breast cancer surgery, age 66-94 years old at diagnosis, known month of diagnosis, first or only diagnosis of stage I-III breast cancer of epithelial origin between 2007 and 2009, and continuously enrolled in Medicare Parts A and B from 1 year prior to diagnosis to 1 year after diagnosis or until death. We excluded women who received neoadjuvant chemotherapy since this would be a clinically justified reason for delaying surgery. Women were assigned to physician peer groups based on the surgeon who performed their breast cancer surgery.
Outcome variable
Consistent with prior literature and based on clinical experience, we defined delayed breast cancer surgery as a period of > 30 days between needle biopsy and surgery [5] .
Patient characteristics
Patient sociodemographic characteristics included in the analysis were age at diagnosis, race/ethnicity, marital status, and median household income. Household income was based on area-level measures (census tract if available, otherwise zip code) from the 2000 Census. Tumor characteristics included hormone (estrogen or progesterone) receptor status, nodal status, grade, stage, and size. We measured patient comorbidity between 12 and 1 month prior to diagnosis using a modified list of comorbidity conditions suggested by Elixhauser et al. [19, 20] . Lastly, we included type of breast surgery and whether a patient had a visit with a primary care provider (PCP) in the year prior to diagnosis as an indicator for access to care.
Construction of physician peer groups
Our method for constructing physician peer groups has been previously described [12] . Briefly, for each hospital referral region, we created regionally based local networks of breast cancer providers using the validated Girvan-Newman algorithm [21, 22] . Using this algorithm, we divided networks into smaller, mutually exclusive physician peer groups by removing edges (i.e., physician ties) with high betweenness scores and determining the optimum number of local networks through modularity, or a goodness-of-fit test [21, 22] . We considered providers connected to one another if they billed care for ≥ 2 overlapping patients in the 3 months prior to diagnosis through 9 months after.
Building upon prior work, our construction of physician peer groups used a sample of women who received their first diagnosis of stage 0-III breast cancer from 2004 to 2006 and non-cancer patients from the Medicare 5% sample who resided in SEER regions during the same period [12] . Noncancer patients were randomly assigned an index date, which was used analogously to the date of diagnosis [12] . Using Medicare claims, we identified all surgeons, radiologists, radiation oncologists, medical oncologists, and primary care providers who provided care for any of these women, and used the Girvan-Newman algorithm to construct subsets ("peer groups") of these physicians who treated the same patients. We excluded physicians who had fewer than five cancer or non-cancer patients and peer groups with fewer than two surgeons or fewer than 20 patients receiving needle biopsy and surgery.
Peer group characteristics
We sought to examine whether the racial composition of women with breast cancer in a peer group was associated with an increased odds of surgery delay. To avoid collinearity between patient race and peer group racial composition in our regression models, we partitioned the patient level race variable into a within group and between group effect, following prior research [23] . Specifically, we first coded each patient as black (1) or white/other race (0). We then subtracted the percent of black patients in a patient's peer group from her race dummy variable. Using this newly created patient-level race variable in our models along with our peer group-level percent black patients allowed us to separate the individual-level and peer group-level effect of race in our analysis.
We also examined two structural characteristics of physician peer groups: provider density and transitivity. Density measures the likelihood that all physicians in a peer group are connected to one another. Formally, it is assessed by dividing the number of observed connections (via shared patients) by the total number of possible connections in a physician peer group. Figure 1a , b depict differences in provider density between two physician peer groups included in the analysis. The small black circles, which we refer to as nodes, represent providers and the lines between providers represent the patients who connect them. The model in Fig. 1a has greater network density compared to the model in Fig. 1b because there are more connections between the different nodes.
Transitivity is the probability that for every instance one physician is connected to two other physicians, those two other physicians are also connected. That is, if physician A and B share patients, and physician B and C share patients, then transitivity represents the probability that physician A and C also share patients. Hence, provider transitivity takes into account providers who work closely together in cliques or triads, in which all providers within the clique are more likely to work together. Transitivity was calculated for all the physicians and for different physician specialties (PCPs and surgeons), then averaged over all physicians in the group. Provider density and transitivity are continuous variables ranging from 0 to 1; we divided these structural measures into quintiles for analysis.
Statistical analysis
We used descriptive statistics to summarize characteristics of the patients and physician peer groups, and conducted Chi square tests to examine bivariate associations of sociodemographic and tumor characteristics with surgical delay. To assess the multivariable relationship between the physician peer group characteristics specified above and delayed surgery, we estimated hierarchical generalized linear models (HGLM) with a logit response and a random effect for peer group. Variables in the HGLM were selected by first estimating unadjusted models including one patient or peer group characteristic at a time and only considering those that were statistically significant at p < 0.10 for the final adjusted model. We then used a backward elimination strategy to determine the reduced or most parsimonious model. We iteratively removed variables that had a Wald's p value > 0.05 or that did not have an odds ratio with a p value < 0.05 in any of their categories. For each peer group, we calculated the predicted probability of delayed surgery at the mean of all covariates included in the model. All analyses were conducted using SAS 9.4, R 3.2, igraph 0.9, and Stata SE 14.
Results
Study sample and patient characteristics
Our final study sample consisted of 8338 cancer patients assigned to 157 physician peer groups. More than 90% of the women were white, and the majority were hormone receptor positive (83.8%), had stage I breast cancer (62.0%), had a tumor smaller than 2 cm (67.4%), and had undergone breast-conserving surgery (63.4%) ( Table 1) . 
Peer group characteristics
Physician peer groups had a median of 81 physicians and < 11 surgeons ( Table 2 ). The number of women with breast cancer in the physician peer groups ranged from 20 to 245, with a median of 42 (interquartile range (IQR) 39). The median proportion of women who experienced delayed breast cancer surgery after needle biopsy across the physician peer groups was 0.35 (IQR 0.25). The median proportion of black women with breast cancer across the physician peer groups was 0.03 (IQR 0.08). Of the 157 physician peer groups, 51 did not contain any black women with breast cancer. Provider density ranged from 0 to 0.76, with a median density of 0.24 (IQR 0.14). The transitivity of providers in a physician peer group ranged from 0.33 to 0.91, with a median of 0.50 (IQR 0.12).
Patient characteristics and association with surgical delay
Overall, 37.1% of women experienced delayed surgery. In bivariate analyses, black (47.3%) and unmarried (40.0%) women were significantly more likely to have delayed surgery compared to white (36.4%) and married (34.3%) women (p < 0.001 for both comparisons; Table 3 ). Women who received a mastectomy were more likely to have received delayed surgery (42.2%) compared to women who received breast-conserving surgery (34.2%, p < 0.001).
Peer group characteristics associated with delayed surgery
Women whose physician peer groups treated a greater proportion of black women with breast cancer were more likely to receive delayed surgery compared to women whose physician peer groups treated a lower proportion of black women. As the percentage of black women with breast cancer in a peer group increased, the adjusted predicted probability of surgery delay also increased (Spearman's rankorder correlation: 0.46, p < 0.001, Fig. 2 ). Specifically, for every 10% increase in the percentage of black women in a peer group, there was a 11% increase in the odds of delayed surgery (adjusted OR 1.41, 95% CI 1.15-1.73; Table 4 ). Women in physician peer groups with the highest density were significantly less likely to receive delayed surgery compared to women in physician peer groups with the lowest density (adjusted OR 0.65, 95% CI 0.44-0.98; Table 4 ). There was no association between provider transitivity and patients' likelihood of having delayed surgery. Similarly, we did not find any association between PCP transitivity or surgeon transitivity and delayed surgery (data not shown).
Discussion
We found that breast cancer surgical delays were common among Medicare beneficiaries and varied substantially across physician peer groups. In addition, two characteristics of physician peer groups, the racial composition of patients in a peer group and provider density, were significantly associated with surgery delays. Our results underscore the importance of mapping physician peer groups to better the impact of peer group characteristics on the quality of cancer care.
While prior work has identified patient-level racial disparities in the likelihood of experiencing surgical delay, the degree to which the racial composition of provider networks' patients contributes to the quality of breast cancer care has not been explored. We found that not only do black patients have greater odds of experiencing delayed breast surgery after needle biopsy, but patients in physician peer groups that treat a greater proportion of black patients are also more likely to experience delayed surgery, regardless of individual patient race. This finding is consistent with a previous study showing that the proportion of non-white patients in a physician peer group was linked with increased complications following prostate cancer surgery [13] . Prior research has also shown that a high proportion of minority patients receive care from a small subgroup of providers and that these providers tend to have access to fewer high-quality clinical resources [4] . Hence, it is plausible that the racial composition of women with breast cancer in a peer group could be a marker for fewer resources among physician teams; future work should explore this potential mechanism.
Women in physician peer groups with the greatest provider density were significantly less likely to experience surgical delay. Patients belonging to physician peer groups with greater provider density may receive more expedient care because providers in those physician peer groups may tend to interact more frequently and have better care coordination, resulting in more timely care. This finding is consistent with prior work showing that patients in physician peer groups where providers are more interconnected and share a greater number of patients achieve better health outcomes [17] .
Contrary to our hypothesis, however, provider transitivity did not significantly influence the odds of surgical delay. Prior work examining physician peer groups of Medicare beneficiaries undergoing coronary artery bypass grafting [3] , found that patients in physician peer groups where physicians displayed greater transitivity during their surgical episodes achieved lower rates of 60-day emergency department visits, readmission, and mortality [3] . This finding was attributed to high levels of teamwork among physicians, both surgeons and non-surgeons. This discrepancy in the importance of transitivity on outcomes could be attributed to several mechanisms. First, we explored different outcomes. Additionally, because breast cancer care is inherently multidisciplinary, it may be possible that overall interconnectedness across all of the physicians in a peer group (provider density) is more conducive to prompt surgery than the degree to which smaller groups of surgeons are sharing patients within "closed loops" (provider transitivity). There are several limitations to our study. First, we focused on Medicare fee-for-service beneficiaries ages 66 and older. This limits the generalizability of our study to patients with Medicare managed care, as well as to younger women with breast cancer [24, 25] . Another limitation is the accuracy of claims data in capturing real relationships between providers. However, previous research has shown there is a high correlation between actual provider relationships and billing information captured in claims data [6] . Lastly, we excluded women in the smallest physician peer groups (less than 20 women), which may also limit the generalizability of our results.
Proportion of Black Women with Breast Cancer in Peer Group
Women who receive delayed surgery after needle biopsy face significant health consequences. In order to provide high quality care to women with breast cancer, it is essential to understand the underlying mechanisms and factors that contribute to such delay. Our results indicate that breast cancer surgical delays vary across physician peer groups and two characteristics of physician peer groups, patient racial composition and provider density, were associated with the likelihood of delayed surgery. Further research investigating the relationship between these peer group characteristics and other aspects of breast cancer care may provide additional insight for improving quality of care for women with breast cancer and strategically allocating resources to better help those receiving suboptimal care. 
